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In essence, there were numerous translation errors that have been corrected. Examples 
include where the word "over" should have been translated as "through", "clack" valve instead of 
"control" valve, "before" instead of "below" and "after" instead of "above". Where "magnitude" 
and "height" meant "value, the term value was used. It is hoped that these changes will clarify the 
description of the invention in relation to the claims submitted with the preUminary amendment of 
November 9, 2000. 

Based on the above amendments and remarks, favorable consideration and allowance of 
the application is respectfully requested. 
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AIR-CONDITIONING APPARAfiM? t> ^qQ-VI^^ / 



n OF TNVENTION 

The invention relates to an air-conditioning apparatus which regulates theWperature 
in at least one room by ventilation with heated or cooled air to a predetermined 'temperamre 
£desire^ value. 

Pt AnCGROUND OF THE TNVENTION 

Air-conditioning apparatuses are used to create in the air-conditioned rooms 
comfortable conditions of occupation at any time of year, as they hold the temperature and 
humidity of the room air within fixed limits" and provide for a sufficient ventilation with 
fresh air. 

In winter the supply air temperature is higher than the room air temperature when the 
air is also meant to warm the room, and in summer the supply air is injected at a lower 
temperature in order to hold the room at the desired cooled room air temperature. 

Ordinarily, to achie/ve ihlT.a conventional air-conditioning a^^paratus circulates too 
high an amount of air. theltemperiture of which has been adapted i6 the heating and cooling 
requirement, /jhere. it}ls regarded as disadvantageous T^at^a 

circulated eve^T after the desired temperature has already been reached Moreover the 
danger exists that the supply air wiU be blown into the rooinLover>e supply ^ ^^aimel and 
wm iimnediately leave the room to be air-conditioned ^.ve^ the ekaust air channel. There 
takes place a veryimaUjmixing of the new supply air with tlfe air p\;esent m the room. 

^ ]Furth^a.n the\air-co"Haitl55ingLogseveral rooms^there is the problem that different 
desired temperatures are fi)resent) in the rooms. An adaptation of the temperatures which 
takes into consideration the comfoKin each room is possible only with difficulty. 

■SUMMARY O F TWF. TNVF.NTION 9!^flL-iJ 

Underlying the present invention is the problem of (giving] an air-conditioning 
apparatus which operates economically, ensures more comfortable room ^ 
optimal mixing of the room air with the supply air. iii order to achieve a rapid adaptaUon to 
the heating. cooUng. humidifying and dehumidifying ^esired) values. 

'^^ff^bl^s^ff^lccording to the invention by &e means that thi air-- 
conditioning aB$aratus which regulates the temperature in at least ^ 
predetermined temperature Cdesire31 value by ventilation with heated or cooled air. 
apparatus is provided with a supply air motor which feeds the supply ^^J^f 1%^]^,^ 
chknnel to the room to be air-conditioned, with a coohng and/or heaUng devicb ^^^^^^^^ 
into the supply air channel for the cooling or warming of the supply air. and wi^ an exhaust 
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air motor which draws the exhaust air ^ove^^ exhaust channel out of the room to be air- 
conditioned in which the desired value for the regulator of the exhaust air motor builds up a 
room- excess pressure established with respect to the outside pressure. Further advantageous 
embodiments of the invention form the objects of the subclaims. 

Underlying the invention is the perception that the greater the excess pressure is in a 
room to be air-conditioned,; the better is the ventilation by the supply air blown through the 
room Therewith,the room warms up faster, the efficiency of the installation is improved 
and great temperature fluctuations in the room are avoidable for example, very warm at the 
top and very cool at the bottom, as are also temperatuxe differences over the length and 
width of the room. %ec/)uSe 

A good flow of air through the room ensures that in the s^rtest possible time aiid j^- 
with a smaUer amount of air, a room is heated, cooled, humidi;ied or dehumidified Thj^ 
smaller amount of supply air blown in is found pleasant {Po^the faster adaptationLofitEe ^ 
heating, cooling, humidifying and dehuniidifying(aesiredl values, the efficiency of the air- \ 
conditioning apparatus is improved. deufie^ 

In particular, the desired valu6 for the regulator of the exhaust air motor is 
determined in dependence on the outside temperature and/or on the supply air temperature 
and/or on the supply air pressure. This regulating of the exhaust air motor, m dependence 
^ the outside temperatiie and/or on the supply air temperamre and/or on the supply air 
pre sure, is important for the optimization of the air flow. The higher the supply ^r 
temperature or the supply air pressure is. the greater the excess pressure would have to be 

for a favorable flow of air through the room to be ^.^t^'''^'^^" ^ ^H foT L excess 
lower however, the outside temperature is. the higher as a rule, therefore the excess 
prrssvire in the oom to be air-conditioned has to be. There must, therefore, be present a 
grfa^eTexceS pressure for[the3ensuring ^f]an optimal flow of air through the room with the 
blown-in supply air. 

On the one^^aTd, preferably the actual value for the regulator of the exhaust ^ motor 
is determined by^sure difference|h^ between the channels, which is calculated from ^e 
difference between the absolute value of the pressure in the supply air channel and ^e 
absolute value of the pressure in the exhaust air channel. It will then be ^^^^^ 
example excess pressure disturbances will occur in the air-condiUomng app^ahis m sever^ 
rooms a; a resuU of opening of windows in individual rooms, -dt^f^-^^^^/J^^^td^^ 
undesired rise of the excess pressure in the other rooms, taking place through \he regulauon 
of the exhaust air motor, by reason of the pressure loss m one room. J ke^^/'^^e 

On the other hand, preferably the actual value for the ^^^^'^f.'^''''^:^ 
motor is formed by the room pressure difference which is calculated from the difference 
between the outside pressure and the room pressure. 

Here above aU.the room excess pressure varies exclusively over a Predetermined 
temperature range of\he outside temperature and/or of the supp y ^.'«^°^P^f;^^^'J^e 
change of the outside temperature or of the supply air temperature, m which with an outside 
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temperature (befora 'this temperature range, the room excess pressure has in ea/h case a 
certain constant value and with an outside temperature or supply air temperature [afterythis 
temperature range, the room excess pressure always has a further defuute constant v^ue. 
Above aU. with rising outside temperature, in that temperature range^the room pressure falls 
from a maximum excess pressiore to a minimal excess pressure. 

Thereby account is taken of two opposite demands. On the one hand, for a good flow 
of air through the room to be air- conditioned^it is required that the excess pressure be as 
hi-h as possible. On the other hand, the excess pressure must not be too great, because it is 
otherwise felt to be disagreeable, and with too great excess pressure,doo,rs open themselves 
or no longer open can be opened or closed only with high expenditure of force. 

So that a comfortable regulation will be accomplished and an excess pressure wUl be 
ensured independently from the height or the floor level of the room to be air-conditioned. 
the room difference pressure is measured at a height or level over 0 (room height). Room 
height corresponds to outside elevation in respect to sea level. \/^it^ ^ 

According to one embodime^S'^^invention^the temper/ture of th«<^upply air and 
the channel pressure of the supp/air are coupled with one another in ^^"S^^)^^^^^^^^^^^^^ 
in dependence on the [height:} ^f the room temperature to Cheight? of the supply air 
temperature and also in dependence on theEheighff of the room temperamre toLthe he ght ofj 
the desired value of the room temperature, the cha^ifiel pressure of the supply air is raised or 
lowered in the room, rooms or room zones. 

The advantages herewith achieved lie especially in that a great volume of air- 
conditioned air is not unnecessarily circulated, but always only that volume that is required 
for a r^aximally rapid adaptation of the actual room values to the predetermined desired 

values. 

In this manner not only are savings in energy achieved, but people in tiie rooin fmd it 
considerably more agreeable when a relatively strong air movement takes place only wher^ 
Sae temperaLre of the blown-in air deviates from the actual temperature. With convenUonal 
air-conditioning apparatuses, in contrast, especially during the mormng warmmg-up phase 
:^en at a room'temperature that Hes far below the desired valu^^only ^^^^^^J^^^^^^^^ 
air is blown into the rooms at a high channel pressure, f his was hitherto felt to be 
disagreeable by the persons concerned, but it was regarded as unavoidable. 

According to the present embodiment of the invention, heated air with the higher 
channefpre surf is blown' into the room only if the temperature of ^^^e supply - h^^^ 
above the predetermined desired temperature of the room and ^.^^^J^^^f 
t)hase lies far above the actual value of the room. By a relauon regulaUon m which the 
S pre'ure of the supply air is set in a fixed relation to the supply a^ temp-a^^^^^^^ 
corresponding coupling of channel pressure of the supply air pressure to the supply air 
temperature can be realized especially advantageously. 
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Preferably the channel pressure of the supply air into the room, the rooms, or the 
room zones is adjusted over the^ine^of the supply air motor. 

For a selecting aixangement^ a choice can be made between two dehvery volume 
relations. 

In the first place, for the heating case in which the desired value of the room 
temperature is less than the actual value of the room temperature, the channel pressure of the 
supply air is lowered with rising room temperature. Correspondingly, for the coohng case 
in which the desired value of the room temperature is greater than the actual value of the 
room temperature, the channel pressure of the supply air is lowered with faUmg room 
temperature. In the second place, for the heating case in which the desired value or the 
actual value of the room temperature is less than the supply air temperature and the actual 
value of the room temperature is less than the desired value of the room temperature, the 
channel pressure of the supply air is raised with rising supply air temperature. 
Correspondingly, for the cooling case in which the desired value or actual value of the room 
temperature is greater than the supply air temperature and the actual value of the room 
temperature is greater than the desired value of the room temperature, the channel pressure 
is raised with faUing supply air temperature. The increase of the channel pressure of the 
supply air is found to be pleasant. Moreover, the efficiency of the heatmg and coohng 
apparatus is improved, as wiU be stated again further below. 

According to a further embodiment of/he invention^the channel pressure of the supply 
air varies exclusively over a predetermined/temperature range of the supply air temperamre. 
If the supply air temperature presents alheight)lbefore)this temperature range, then the 
channel pressure of the supply air is allocated in each case to a certain constant magmt^^^^ 
If the supply air temperature presents a^eight afterlthe temperature range, then the channe 
pressure of the supply air is allocated in each^ase to a further determined constant 
magnitude. yptH^e A^o^^ 

In particular, with a supply air temperature higher with respect to the room 
temperature, the channel pressure rises over the predetermined temperature range of the 
channel pressure from its minimum performance up to its maximum performance with 
rising supply air temperature, and it correspondingly falls with falling supply air 
temperature. 

Through the two regulating systems of the supply air channel pressure behavior on 
the one hanLt is made possible for the efficiency of the air-conditiomng apparatus to be 
improved. V?.rh higher channel pressure of the supply au^ there is achieved also ^more ra^d 
and better flow through the room, and therewith a faster heatog up of the rooms. On Je 
other hand, for reasons of comfort, too great an air flow should be avoided, smce this is felt 
to be disagreeable. The opposite demands are now optimally saUsfied. 

Here the regulating circuit which regulates the channel pressure of the supply air is 
subordinated to the temperature regulating circuit; the desired supply channel pressure value 
being set in a fixed relation to the actual value of the supply air temperature. Herewith there 
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is avoided any excessive increasing or decreasing in the temperature regulation. The room 
temperature swings back faster to the desired^alu^temperature^ ^^^^^ rkf^ooU 

With air-conditioning for several rooms, the heated supply air is made availableLover? 
a common supply air channel. In the case of different desired and actual temperatures of aU 
the rooms, however, each room has a different heating requirement. In order to take this 
circumstance into account, according to a further form of execuUon of the mvenUon, m the 
sLnultaneous air-conditioning of several rooms or room zones, the xndxvidual rooms or 
Zm zones axe comiected in each case[ove£|a supply ai^W aa exhaust air hne allocated to 
hemi^o]the central supply air and exhaust ai?^elf ani m the individual supply air and/or 
Sst S Unes,thro«lerclack>alves are arta^g^i^eg^h the channel pressure of the 
supply air is adjusted in the room, the rooms or room zone§>^ ^ ^^^^^ 

Thereby undesired air movements are avoided in rooms the actual and desired values 
of which are alike or approximately alike. Moreover it is achieved that, for example, m the 
-cLe of a fully open fresh air ^lack:| valve, an excessive amount of fresh air is not worked up. 

The regulation of the lElacl^vah^TH^ occur additionally in dependence on supply air 
pressure or on theftuming rat^of the supply air motor. 

^ ^SPe£d. ..... , 

In such an independent r^i^Hdon of supply air temperature and individual roorn 
temperature! a situation can arise in which a single room has to be heated as rapidly a 
no^ible bu other rooms that already lie at their desired temperature are to be heated up as 
U^e ai 'pos iblf Whe^^^^^ supply Ix temperature rises, the individual regulation of these 
w^'ofms w^^^ Tnd to close'tUcdacl^ valves. Therewith, however, these rooms and the 

persons present in them are cut off from tb^ fresh air supply. 
^ CoHjnaC 

This problem is advantageously solved according to a further ^"^^odiment in wMcl^^ 
a supply It temperature that lies above the desired temperature in rooms the acm^ 
temperature of which corresponds to the desired temperature, the requisite minimuin 
voTume S fresh air also is blown. In this manner it is achieved diat these rooms ^- ^^^f 
with sufficient fresh air; nevertheless, a possible warming of ^i^^ ^^^^^^^^^^ ^^^^^^^^^^ 
supply air temperature that Ues above the desired temperamre is avoided "^^ofar as possibk^ 
S minimal opening required for the prescribed minimum fresh aix volume depen<^ on 
S^pr^femperat^e and on the fresh air component of the supply ^^^^^^J^'X"^^ 
component of L supply air is reduced, if possible^^^^anmng-up phase m the morning for 



maximally rapid heating up^andj replaced by return air. ^ Jj^i„i fKe 

AcS^^o~;S?^bodime*f^xl,amt air channel and the supilTair =1?^°=' ^^^'^ 
coanec^d^ranoi^EoveJa return air channel, in which 

throttleMalve is_provided in *e retu™ 3^_=harmel -^^^^^^^^ TlZT 



throttle Jclack7valve is provided m tne recurn air cucum^x. c.. -- 
£S^:|2^y^rcvided^n the fre.h air channel engaged ahead of the supply arr -tannel.^^^ 

AccordiS^ further embodiment, the minimum cross section "'^.'^f^l'^^f 
valveslra^uSf d m dependence on the opening of the fresh air throtUeiclacklvalve. of the 
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exhaust air throttle £laclj valve and of the mixing air throttleCdackpvalve, so that in each 
regulation situation there is ensured the minimum amount of fresh air. 

With regulated channel pressure for the supply air and for the exhaust air, the opening 
positions of the throttl^lacl^alves aUocated relative to one another in a room or in a room 
zone are equal. C^r*;hiyL 

Analogously to the heating regulation, there can also take place a cooling regulation. 

For the temperature regulation, regulators are used. In practice, these regulators tend 
to an overswinging and underswinging of the regulatingimagnitudfj^^ ^ 

According to a further embodiment of the invention, in each case the setting value of 
at least one regulator, especially of the temperature regulator, is connected to a subordinated 
switching arrangement, and the switching a[rTangement. in the case of an overswmgmg 
(exceeding) of the regulating fcagnitud§ selects a value predetermmed for it, as the setting 
<5nagnitud§ which clearly Hes ^nder the value chosen simultaneously by the regulator. 

— Such a behavior can adv^ITtageously be obtained iTy an additional control arrangement 

and a minimum-selection arrangement. This additi/nal control arrangement delivers, in 
dependence on the regulating difference, a predet/rmined minimal value for the settmg 
l/.i^ rmagnitudejwhen an overswinging of the regulatingfeiagnitudejoccurs ^d a predetermined 
'^■^ maximal value for the setting (magnitude! when the acmal value of the temperature (the 
I regulating/magnitudS) lies below the desir\d value. The minimum selection arraiigement 
MnSS^h cLe selects the minimum. from\he values made avaHable by the regulator and 
the additional control arrangement, and forwafds the selected value as.setting^agmtud? In 
this manner the additional control arrangementWays tak^jover theVcontrol of the settmg 
^magnitude^when by reason of the setting &ia^tude3of the regulatW^an overswintmg 
' (exceeding) occurs in the regulating^agnitud^^ X (//)Z.t^<r J^^ ^ 



According to a further embodiment\f the invention, there are provided a fresh air 
^^^t^fclackWalve in a fresh air channel engaged onWet side of the supply air channel, a mixed air 
fclacklvalve in a return air channel comiecting the supply air channel with the exhaust air 
■ channel, and a discharge aireiack3valve in a discharge air channel connecting tq the exhaust 
afr charinel. in which situat^n the settings of the fresh aif^:lacg valve, of the discharge a^ 
TclacklValve and of the mixld air ^lack7valve are reguj^ed in common dependence on the 
/turning rate] of the supply 5r motor o?ion the cha^l pressure of the supply air. and in 
-^Svhich up ti a certain miniAal openinl for lth^uring[of]a fresh air mmimum. with 
Sje^^ increasingftuming rate>f the\upply moto/and/or with nsmg -h^f P'^fXar/e ^ 
—^upply-ilrthe opening cross slctions7f the/esh dr[clack>alve ^^^^ %^^^^^Se ^ 
Cclack>alv^be reduced and tSb opeqfcg o4ss of the mixed air^lack>alve can be 

increasedT" * ^ 

The openin^^i^Jsiti^ the fresh aixl^lack>alve and ^^^. ^penrng P^^^^^^^^ 



exhaust air^lackTValve are always of equal size. The opening posiuon of the mixed aij 
valve is always the difference of the opening position j^r]the fresh air or exhaust aul 

Of 
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-6- 



valve to 100%. fop-^jcample, i/the opeaijig positions of the fresh airjtlacl^valve and^aust 
air throttle ^lackjvalve are eadh case 7(j%. then the opening position of the mixed airj^laclfj 
valve is 30%. If the mixed air ^lacli valve has an opening position of 70%, then the opening 
positions of the fresh air and exhaust air^lackjvalves are in each case 30%. 

'^ fU/LO^Ck , 

In a further preferred embodiment of the invention, more/(han one room is air- 
conditioned from a central instaUation. In the case of different h^/ting requirements for the 
individual rooms, it is also necessary to make avaHablelpverJthe supply air a sufficient 
heating capacity for all the rooms. This can be achieved inter alia by the means that the 
heating required is measured in accordance to the actual temperature of the coldest room, m 
order to bring also this room to the desired temperature in a short time. Accordingly, m 
one form of execution of the invention, in the simultaneous air-conditioning of several 
rooms-the actual temperature of each room is fed to a central regulating arrangement, and a 
temperature value to be determined individually from these, individual actual values is 
supplied as actual value for the heating regulator. 

Accordh^g to a further embodiment of the invention, agnoistenin^ arrangement is 
provided which humidifies the supply air in the supply air channel, in which process the 
humidifying arrangement is regulated both in dependence on the room moisture or the 
exhaust air moisture as well in dependence on the supply air temperature. 

Accordincr to a further embodiment of the invention, there are provided a first heating 
device installed^in the supply air channel, a cooling device engaged after the fu-st heaUng 
device in the supply air channel, and a second heating device installed after the coohng 
device in the supply air channel for the heating, coohng and dehumidifying of the supply an:, 
the second heating device being regulated for the desired ^alue;jmoisture m dependence on 

the actual Ivalu^moismre. \/ftLi^^ 
^ ^ /t/g . 

In particular with a rising actual value humidity which ahready lies above the desired 

rvalue^humidity, the heating performance of the second heating device nses. 

The heating performance of the second heating device is regulated either with a 
regulator or it climbs with rising actual value moisti^re over a predetermined moisture range 
of the room moisture; at a room moisture content [before] this moisture range, the heating 
performance has in each case a certain constant magnitude and at a room moisture lafterjfee_ 
moisture range the heating performance has in each case a further determined constant 
magnitude. ^iii^^ 

It is hereby achieved that a dehumidifying is brought about over Raising of the^room 
temperatur^7insofar as the actual value of the room temperature remains under the Imut 
value from which the cooling process is initiated. Cooling starts only when the actua^ value 
of the room temperature is greater than the desired value of the room temperature plus the 

■ temperature displacement dependent on the outside temperature. By the heating-up, and 
therewith the dehumidifying of the room over the rising temperature, the room is 

^ dehumidified ^pidly ancTjwith a relatively low expenditure of energy. 
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The channel pressure of the supply air is not raised during the dehumidifying process. 

In order to guarantee a minirncTi]^ amSfe ^fre^h^dThTtfte^om or the rooms, the 
regulation of the fresh air Cclack] Valve and of tlje discharge air ]clack^valve occurs in 
dependence on the opening position of the mixed air£clacl^valve. 

TtRTFP DESCRTPTTON OF TKF. DRAWINGS 

The following drawings, which are included to provide further uriderstanding of the 
present invention and are incorporated in and constitute a part of this specification, lUustrate 
the preferred embodiments of the invention and together with the descnpUon serve to 
explain the principles of the invention. 

In the simplest case, a single room is tempered and ventilated with the air-conditioning 
apparatus. The regulation of a multi-room air-conditioning is descnbed in the example ot 
execution with the aid of the drawing, in which: 

Fig. 1 shows a schematic representation of the air circulation in an air-conditioning 
apparatus according to the invention. 

Fig. 2 is a block circuit diagram with the most important elements of the regulating and 
control an:angements{pf thejexample of execution. 

^ rHAH , ^. 

Fig. 3 is a block circuit diagram with important elements of the temperature regulatmg 

circuit from Fig. 2. 

Fig. 4 is a block circuit diagram of the conveyance volume regulating circuit of the 
supply air from Fig. 2. 

Fig. 5 is a block circuit diagram of the individual temperature regulating circuit for 
each room from Fig. 2. 

Fig 6a shows the relation between the supply air temperamre and the supply air 
pressure for the example of execution when the room actual temperature is less 
than the desiredf'alue^oom temperature^ i^/? ^ e 

Fig. 6b shows the relation between the room temperature and the f PP^^ PJ^f 

the example of execution when the actual £acuum>oom temperature is greater 
than or equal to the desired g:alueJroom temperamre.^ VALue 

Fig. 7 is a block circuit diagram of the temperature regulator of the example of 
execution. 

Fig. 8a is a block circuit diagram of the regulator of the exhaust air motor of the 
example of execution. 
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Fig. 8b is the block circuit diagram with the most important elements from Fig. 8a. 

Fig. 8c shows the relation between the desired value of the room difference pressure for 
the regulator of the exhaust air motor. 

Fig. 9 shows the relation between the room exhaust air moisture and the setting 
Magnitude) for the after-heater. 

Fig. 10 is a run-off diagram widi the most important block circuit diagram elements 
participating m the heating-up process. 

nF.TATI.ED PFSCRTPTION OF PREFF .PRHD EMBODIMENTS 

In Fig. 1 there is schematically represented the air circulation of a multi-room air- 
conditioning system. From the rooms 1 to be air-conditioned there lead, on the one hand, 
supply an: lines 5 to a supply air channel 10 and, on the other hand, exhaust air hnes 6 to an 
exhaust air channel 11. r or^n^oL 

In the supply air line 5 there is arranged in each case a throttle^lackfvalve 60 and in 
the exhaust air Une 6 in each case a throttle(claclc?valve 61. 

The supply air channel 10 and the exhaust air channel 11 are connected . with one 
another^ver^a return air channel 12. 

^ Tkfta}fjfCf . 1 OA ^ 

On inlet side of th^ supply air channel 10 there is engaged a fresh air channel 20 and 
on the outlet side of the exhaust air channel 1 1 there is engaged an exhaust air channel 21. 

In the fresh air channel 20 there is provided a fresh air throttie(black>alve 70 in the 
return air channel 12 a mixed air throttle|clacgvalve 72 and in the exhaust au: channel 21 an 
exhaust air throttle^lack|Valve7^ <^f*^vc^L 

In the supply air channel 10 there are arranged successively in flow direction of the 
air a first heating device 30. a cooling device 40, a second heating device 33. a supply air 
motor 15 and humidifying device 50. ^ 
/)- 

In the su'^Fly air channel there is generated by the supply air motor 15 an ak pressuxe 
PZU which provides that the supply air is blown with sufficient conveyance volume mto the 
rooms 1 to be air-conditioned. 

Correspondingly in the exhaust air channel 1 1 re is generated by the exhaust air motor 
16 a subpressure Fab > which draws off the room air. 

A ^ In the simplest case. ;^e p^x^lifing case (office operation) the drawn off room air 
(Rthe exhaust air) is feven/Sff fover^^e exhaust air channel 11 and the exhaust air channel 
21 to the outer atmofphe7e. andCoveSthe fresh air channel 20 the f^q^i^^d^supply au^ is 
drawn as fresh air into the supply air channel 10. For this the fresh air throttle(clacl^valve 



70 and the exhau^hrottle|i3^1ack3valve are opened and the mixed air throttlel.aii(|lackJ 
valve 72 is closed^ The fresh air throttle glack] valve 70 and the exhaust air throttle ^lack 
valve 71, there, always have equal opening settings. 

In order to make possible a warming-up of the air-conditionedVrooms 1. the drawn-in 
fresh air flows through the first heating device 30 (preheater)jpver;} which drawn-in air is 
brought according to heating requirement to the requisite supply air temperalnare Tzu_ 
After passing the disengaged cooling device 40 and the second heating device 33 
(^fterheater) ft is fed to th! humidifying arrangement 50. which supplies the necessary 
moisture to the air. 

Instead of the fi^st-hSSdi^ili^e 30, in a required cooUng of the rooms to be air- 
conditioned the cooW^ device 40 is in operation. In the case of excessive humidity instead 
of the^moistenin^4vice 50,the afterheater 33 is m operation for the dehumidi^ing^ In 
order to ensure a more rapid Lating-up, both the first heaUng device 30 and also the second 
heating device 33 can be in operation. This, however is possible for the heatmg case, not for 
the dehumidifying case. 

. The air worked-up in this way is fed to the individual rooms to be air-conditioned 

Vover7the supply air motor 15, the supply air channel 10 and the supply air lines 5 with the 
^^oS^^^ 60. Hie volurxie'of the air blown-in and drawn off from each mdividu^ 

S^Tn be^regulated by the throttle^lack^valves 60. 61 arranged in the supply air lines 5 
and in the exhaust air Unes 6 individually. ^^r<P^cL / jcof*'^ 



In the case of increased heat requirement, for e'^^Pl^i^^^^°^°."""S wj^'^P P^^^^^ 
it is advantageous to supply the rooms not only with drawn-m fresh air, use a part 

the drawn-ol room air repeatedly, for in the simultaneous warming-up ^fj^f^^^l^^ 
required supply air volume lies far over the fresh air mimmum volume. ^WJ^^ ^ 
dependence on the supply air temperature TzU Cover?a <:ontrol arrangement 50^^^^^^ 
setting value Yv is calculated and supplied to the air \hrottle[ilack3 valves 550 in Fig. 2. or 
70, 71. 72 in Fig. 1. TV^^Wl qjr^^^ 

While the f«i^h.^rthi«^tdfSlSlvaWk 70 and throttll glack/valve 71 

receivr^e sa^JV^ s/gnal. the iiixed\air throttlTe [clacK/valve 72 ]n the return aar 
ch^el 12, 3.^suppHed the exactly oppLite confol signal. The op/n posiuon o the 
mixed air thro|letclackJvalle 72 is always thj differei^ce ^^^^ *^_T^ ^^^^^^^^^ 
fresh air/clackjvalve 70 or tf the exhaust air <§lack>aWe 71 ^'Vi ^ 

open position of the fresh airtclack^alve 70 and of the -^^^7"^,^ 'Jlmoun^ ^30% S 
each case to 70%. then the open position of the mixed airtclackjvalve ^^ounts to 30%. 11 
^e nTed W:clack>alve has%n open position of 70%. then the open posiUon of the fresh air 
£clack>alve 7^^ and of the exhaust airj^lacl^Valve 7 1 is m each case 30%. ;r/ ^ 



iTihdn^annSFfS' possible again to feed a certain proportion of t^e ^^'f^'^^r 
"^over")the return air channel 12 to the supply air. Simultaneouslyiover^the f^sh air 
chStandr^esh air clack valve 70,a corresponding fresh air --P--^^^^^^^^^^ 
to the supply air. This fresh air compone'nt amounts m the example of execution m tne 
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airing case (dum^g^^hj^^e hours) to up to 100%. During d!B<^ hours therefore the 
mixed airiElack7va>?72 as a rule is not opened, (and) the fresh air jblack>alve 70 and the 
exhaust aSilackfvalve 71 are normally opened to 100% each. With increased heatmg 
requirement and a maximal supply air pressure Pzu MAX the fresh air component falls to 
approximately 10%— warming-up phase in the mormng. 

In the air-conditioning, from the m^ured roomtemperatures Tj^uM istp Traum ist2 
or T rc-v M in the minimal selection^angement^OO in Fig. 2, the lowest value Tr^um 
'^'S' determined and used for the calculation of the heating requirement. For this the 
i^tuTtemperature W IST - th- ^lock circuit diagram ^'^^^^ ^^^l'^^^^^ 
the predetermined (maximal) desired temperature Tr^u^ soll (of ^ rooms), un me 
biis of the temperature difference T (regulating difference), by the temperature regulaUon 
nO,there is determined a suitable desired value y' for the heatmg valve 170 of the heatmg 
device 30 in Fig. 1. r_, ^.^^^/W/^ 

The setting value Yr calpiiUted in Fig. 3 for the temperatur/ regulation is momtored 
by thefcircuited arrangementJllS arranged on outlet side in ofder largely to prevent an 
overswingin- of the temperature usual with conventional regulators. In the normal case as 
overswmgin^ or a V the &rangement7l25 forwards the setUng value 

long as TrauM IS MIN DeiOW Ir^Uj^ SOLL> "-""^e^ J% , ^ <=y<-ppH<: the 

or^drdTSr value o^f the setting magrutude y' assures in this 

case the minimally required supply air temperature T,^ "^?/^Hte Ts !cMevef 
outside temperamre Ta- In this manner with the example of execution there is achieved a 
maxima! X^^^^^ the desired temperature by only 0.3 OC; a falling below this 

virtually does not take place. 

The monitoring of the s.tting/gnal Yr of the regulator 120 is -.'i^^^^^d ^n 
, example of execution by a switchingtarrangement2127 in Fig. 7 and a ^^^^ '^l^^l 
w livJlf^ /'arranaement7l28 The control arrangement simultaneously generates for the regulator 120 a 
C';^ &g Ys wmch takes on a r^aximally great value as long as the desired te-perature 

tTZ so^l lies above the actual temperature Tr^^ ,st and^downto the very low settmg Yg 
jJ^J^ soon as the actual temperature exceeds the desired vaKe— m o^el 

The ^ttiirCriue Ys MIN of the controi;||r?kngement7128 is adjusted by the 
compudng&g'ement3l29 for'^cutting-off of the otherwise occurring underswm^g of 
^e fer^plrature regulation in dependence on the outside temperature Ta with which the 

fresh air is drawn in. 

The minimum selectionCa^STgS^enluS in each case selects from t^e f^f^f 
value signals Yr and Yg at its disposal, the smaller one and forwards this onward as y to the 
heating v^^^^^^ 170. In this manner there is prevented insofar as possible an overswmgmg of 
the tenaperature to be regulated. 

In dependence on the temperature of the supply air the conveyance of suPP^y ^ 
motor 15 is adjusted over the generated supply air pressv/re Pzu- For this first of all. m a 
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P,„ , value calculatinggrrangement;200 shown in Fig. 2, there is determined a desired 
value Pi'n .or l for the supply air pressure. The relation between the supp y air temperature 
T7U and the supply air pressure P^u soll is given in Fig. 6a.ijnd namely]} for the case m 
whkh the room temperature T^^^^m ist is l«ss than the desured value of the room 
temperature Tr^um soll- * 

Only y/^^1^supply air temperature lies clearly above the desired 2yaluej> 
temperaturerin the example of execution by 5 °C. is the desired pressure of the supply air 
in^ieased. Wn this supply air temperature is below this threshold^nly the volume of air 
necessary for the ventilation of the rooms is blown into the air-conditioned rooms. 

The relation between the room temperature T^^^ ist ^ ^he desired value of the 
supply air pressure P^^ soll is represented in Fig. 6b/^d. namel^ for the case m which the 
?oom temperature T^aS'st is greater than the desired value of the room temperature 
Traum soll- is equal to the desired value for the supply au: temperature ij^m^ soll- 

With increasing actual room temperature T^^^ ,sT' ^hen the room temperature is 
hi-her than the desired room temperature value T^^^m soll- ^^e air supply temperature 
Tzu falls and the supply airpressure Pfu falls from its maximal pressure F^^ soll max ^° 
its minimal pressure P^u soll min- 

The de>fe^l^^ pressure P^ soll determined by the P,^ soll v^-e ca^^^^^^^^ 
£arrangemenf200 in Fig. 2 is compared in the block circuit diagram element 230 with supply 
air actual pressure 

Pzu 1ST- P^^ssure difference P is suppUed to the pressure regulation 250. 

The complete pressure regulating circuit is represented in Bg. 4. J^'^S^^f^f 
difference AP is fed to the regulator 240, which sets-in the setting ^agmtude)Yp. A limit 
vfrswitcf 245 monitors the setting value Yp. so that a predeter.nir.ed _m pressure < 
P which corresponds to a predetermined minunum ventilation volume is not gone 

LTor ^e seVng vXe Yp of the limit value switch 245 controls the|ef atol285 m Fig. 
4 or 15 in Fig. 1. which generates the pressure of the regulatmgistretch3286. ^-^f'-^'^lff^ 

CoKj^ile^ 1- ' 

With the corresponding regulating circuit by an exhaust ^ motor 16 in the exhaust 
air channel 11, a subpressure Pab is generated which, for the maintaining of a 
predetermined excess pressure in the rooms, draws off a corresponding volume of air. The 
regulation of the exhaust air motor 16 will stiU be further descnbed below^^^^^^ 

The tempered supply air in the supply air channel 10 is f J^&^.f ^/.^^^^^^^ 
lines 5 for the ventilating and heating-up of aU the rooms 1. With the aid of the throMe 
^ack3vives 60. 61. the volume of the air blown in or drawn off m each room is adapted to 
^the pirticular actual heating requirement. For this m each case there ^^J^^^ the d^s^ed 
temperature, the actual temperature, the supply air temperature and the "^^^.^^^^^^^^^ 
volume for the setting of the throttle valves. This regulatmg circuit, represented m Fig. 2 as 
a block circuit forming element 300. is reproduced m Fig. 5. 
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In the block circuit element 3 10, the individual desired temperature TsoL N is 
compared with the corresponding actual temperature TjsT N"- regulaUng difference 
ascertained there is supplied to the regulator 320. On the basis of the temperature 
difference. ATm. of the supply air temperamre Tzu of the supply an: pressure Pzu- 
this generate! a setting signal Yt which must not fall below a mixumal value which is yielded 
from the actual supply air pressure Pzu and from ^1^%^^^^.°^^^ P^^f "^^/ZU 
settinc^ signal Yt N fed to the thro ttleCclacl^ valves 330 m Fig. 5. and 60. 61 m Fig. 1. 
The regulating^sieVch^of this individual temperamre regulating curcmt is represented by the 
block circuit element 3^^^ COr^^ ^^j^ 

The throttle yab^^TeoTeTTxe regulated, therefore, independence on the temperature 
rdesired?value Tp^trM soll ^ach room individually, on theWperature(actualfvalue 

meas-ed in^a^ SdWidual room, of the temperature value of the supply air temperature 
Tzu. as well as in dependence on the supply air pressure Pzu and/or theCtummg rate^of the 
supply air motor. Sfe^e^ 

As stated above. the regulating circuit ensures, for the adjustment of the opening cross 
section of the throttle valves 60, 61, a certain minimum opening cross section yielded in 
denendence on the supply air pressure, which cross section is not gone below m the 
ad^Tstment'of the throttle valves 60, 61. This minimum opening cross section ^ adjusted 
there in such manner that each room receives a predetermined absolute mimmum fresh air 
volume. 

The mimmum opening cross section of the throttle valves 60, 61 is likewise adjusted in 
dependences the oining'of the fresh airglack^valve 70 of the exhaust atrlclac^valve 71 

and of the mixed air^ac^valve 72. 

With regulated conveyance volume of the supply air and of the exhaust air the opening 
settings of the throttle^clacl^valves 60, 61 allocated to one another '"^^^^^^ 

m the regulating of the exhaust air motor 785 according jGig- 8b or 16 according to 
Fig 1 lie desif^dvalL for the exhaust air motor is calculatedinl4e^^ 
fempe'rature in the P,^ 30LL value calculat^gCarrangernenf]ltm^^ 
desired value forms a room excess pressure soix es^abhshed m respect to ^^^^^ — 

pressure Pa in dependence on the outside temperature. The desired value P^ soix can also 
Te determdiied independence on the supply air temperature and/or on the supply air 
pressure. ^ 

The relad^ft^^^^'e outside temperature Ta and the desired ^alue for the exhaust 
air motorC/ =7d^-d value for the room excess pressure P,^ scl; which y-Wed f^m 
the difference between the desired value of the exhaust air pressure P^ sqll and the outsiae 
prestu^rrris reT^^^^^^ in Fig. 8c. If the outside temperature Ta exceeds a certam W 
vSue fof t£^p?e an outside tLperature of -10 oc, the desired value soll of the^ 

exhaust air motor faUs with rising outside temperature from its maximum ^diff soll max^o 
T> With a further limit value, for example witn an ouisiae 

lip— V.^lTo^C^^-^ran^ot^^^^^^ befor; or after this temperature range 
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established by the two limit values, the desired value of the exhaust air motor Ppipp sq^l 
corresponds either to the maximal room difference pressure D^ipF soll max °^ ^o the 
minimal room difference pressure Pqiff soll min- 

The desired valuC/dT the exhaust air motor Pdiff soll determmed by the "value 
calculating/arrangementpVIO in Fig. 8a is compared in the block circuit diagram 700 with the 
^/^-»/room^ifference actuaj'pressure .value PdiFF 1ST one room and m several rooms with the 
supply air and exhaust air chanAel pressure differential. The pressure difference AP is fed 
7^ the pressure regulation^730. Ji/r/^^^ ^ ( //} I 

The complete^JrS'sSe regulating circuit is presented in Fig. 8b. regulatmg 
difference APniFF is fed to the regulator 740, which adjusts the setting ^agmtud^ Yp 
nrpp If in a large roonL^ffice] several windows are open, the exhaust fan can be shut off 
en£:ely--only in this way is it possible to maintain a slight excess pressure. With the setting 
value Yp dIFF of ^he regulator 740.the exhaust air motor 785 in Fig. 8b, or 16 m Fig. 1 
which generates the pressure^6f]the regulating |tretch^86/is controllec| 

The actual value T5rthe 7egulator M O of the exhaust air motor 16 or 785 is formed 
by the actual room difference pressure P^iff ist- ^hich is yielded^from the difference 
between the outside pressure P/^ and the room pressure Praum ist - ^ab ist- The room 
difference pressure Pqiff IST is measured there at a level above 0 (sea level). 

The form of execution described can be used analogously for the cooling. 

In an additional regulating circuit, the air humidity in the air-conditioned rooms is 
re-ulated. It is measured preferably as relative air moisture (in percent of the vapor 
pressure at full saturation) and expressed by a simplified designation F i^^^/f 
entirely possible, however, to use instead of the relativ^^ humidity^the absolute humidity (g 
of water vapor per m3 of air), the vapor pressure, the specific moisture (m g H20 per leg ot 
moist air) or as mixture ratio (in g H2O per kg of dry air). With use of the relaUve 
humidity, the dependence on the saturation limit is advantageously mtegrated into the value. 
According to the VDI ventilation rules, air humidity should amount m winter, at 20 U 
room temperature, to 35% to 70% relative air humidity, and. m summer, at 22 C au: 
temperature, to 70%, and at 25 ^C, to 60%. 

In the block circuit element 600 in Fig. 1, there is determined the difference between 
the desired air moisture F^b soll ^^^^^ ^ "^^i^^"^^ ^^ab ist- i^ which representationa^y 
for the air moisture in the individual rooms in the example of execution the moismre of the 
exhaust air Fab is measured and adjusted. The determined moisture difference ^s first 

introduced i^ a limit value circuit device 610. which on the basis of predetermined 
mdnimal and maximal moisture F^b min and F^b min. i^ dependence on the supply and 
exhaust air temperature, prevents the saturation limit from being exceeded m any place in 
the air circulation. From this Hmit value switching device 610. a corrected regulaUng 
difference AFab' is now^ed7.to the regulator 620. which controls the air moistener 630 
over the control signal Yl- Thereby, the moisture of the supply air Fzu ^s adjusted. The 
regulatingg^tretcHjis represented By the block circuit diagram element 640. 
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The second heating device/33, in the hating case, may also contain the si/nal Y' of the 
first heating device 30. The se</ond heatin/ device (33) serves, however, as ah after-heater 
essentially for the dehumididying. Thds second heating device (33) is^ regulated in 
dependence on the actual&alu^moisture l^IST ^or the desired b^alue]moisture', in. which with 
rising actuairvalue7moisture -Fist °ver the desired value moisture FsoLL the heating 
performance of the second heating device (33) rises. The rise of the heatmg performance of 
The second heating device (33) moves over a predetermined moisture range of the room 
moisture Fist- This relation is represented in Fig. 9. At a room moisture Fist before this 
moisture range, the second heating device (33) is not in operation. 

At a room moistur'^FisT^^fte^ t^Tmoisture range, the second heating device (33)— 
the after-heater— is in operation with its maximal performance. 

By a control arrangement (not represented here) it is made certain that the conveyaiice 
volume of the supply air is not increased during the dehumidifying process and that only a 
minimum amount of fresh air is blown in. 

For a better illustration of the regulating system, m the following there is described, 
by way of example, a warming-up process such as ordinarily takes place m the morning. 
The block circuit diagram elements participating in the run-off of the regulation are 
represented in Fig. 10. At the time point when the switching-on of the air-conditiomng 
apparams takes place, the actual temperatures of all the rooms 1 and the temperature of the 
drawn-in fresh air lie far above the desired temperature for the rooms 1 Since the 
temperature of the supply air is still very low, no more supply air is blown into the room ^ 
For this, a minimal air pressure P^^ min- corresponding to the minimum of fresh air 
volume, is generated. 

At a lower outside temperature below 16 C, the regulator is prior-occupied at the start 
with a value according to the outside temperature, so that the instaUation will show no frost 
disturbance |n thjstarting. ^frLoUe^ Ua. 

From thT^al teal^ratures of all the rooms 1 to be air-condidoned the minimum- 
selection ]arrangementj400 selects the lowest value and conductsjtis to the ^ock oxcm 
^agram kment 100.^ Here the regulating difference AT betwe^ the ^^^^-^ and actual 
value of the room air temperatures is formed and supplied to /he regulator 120 and the 
control^angemenf;^127. On the basis of the regulating difference tjie regulator^^^ 
determines a setting value Yr. Simultaneously with the ^^^^^rol fengemen^ 12^ a s^^^^^ 
value Ys is determined, which takes on a. maximally great value as 1°^^ ^^^f^"X 
temperate lies above the actual temperature. Of the two setting values Yg f^^/R' 
Smum selectionCarrangemen^pS selects the ^-^1-/°^^^^,^°^^ ^^eV^^^^ 
value Yr of the regulator 120, knd conducts it onward to the heating device (30). This 
u? the air flowing throufthe air supply chamiel (10). The-with^^S^^^^^^^^ 
temperat^e Tzu rises continuously. From a predetermined temperature threshold value of 
th^L supply for example T,^ Lll + 5 with further rising air supply temperature, the 
Ss^plTp also fs incre&since the regulation of the air supply pressure occurs m 
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dependence on the temperature of the air supply. The conveyance volume increases and 
there takes place a maximally rapid heating-up of all the rooms. 

The increased air volume consists not only of fresh air, but a part of the exhaust aix 
again is conducted to the supply air over the environmental air channel 12 m Fig. 1. la this 
nianner. the rooms 1 are sufficiently ventilated and. simultaneously, it is not necessary to 
heat up much fresh air needlessly. 

In the morning heating-up. the fresh air constituent is only— at least— such that the 
requisite excess pressure is achieved. fn^ir e^ 

When the heating-up process is concluded,, usual comm^cial regulators do not lower 
the setting value rapidly enough to prevent a rise of the actu^ temperatures of the rooms 1 
over the desired temperature. For this reason the set/ing value Yg of the contro le^ 
^Tangement7l27 on exceeding of the desired temperaturej^ls to a predetermined minimal 
value Y, Now the minimum selection(arrangementyi28 selects the vdue Ys of the 

pu.llt^ Control iTTgemen3l27 and passes it onward as y' to the heating device 30. Thereupon the 

• supply temperature again falls, and after a short time the rooms again receive only the 

minimum fresh air volume that is sufficiently tempered to prevent a lowenng of the actual 
temperature of the air supply below the desired temperature of the air supply. The 
regulator can therefore slowly reduce its output. 

Now there is to be described in addition the case in which only one room has to be 
heated while the other rooms have already reached the desired temperature. The selec ion 
HTVu.i/^rt.&rrangement7400 selects the lowest actual temperature of the unheated rooms and Passes it on 
Vo the^ block^circuit diagram element 100. On the basis of the regulating difference now a 
setting value y' is set in and the supply air pressure rises correspondingly. So ^^at ^^^^^^^^ 
will not be supplied with very warm supply air which have already reached the desured 
temperamre. however, the individual room temperature regulation SO^Jregulates the blow- 
in air volume of the throttle Elack7valves 60, 61 for each room separately.. In this manner 
the throttle valves 60, 61 of the rooms in which the actual temperature are closed to the 
^n^mum opening, wich ensures that the rooms are suffrciendy ventilated. Sunult^eously 
the throttle valves 60. 61 of the room being heated rising Tzu is opened up by the Pdiff up 
to 100%. in order to make possible a rapid heating-up. Only when ^^^/^^"J^^^^^^f^^^ 
its desired temperature does the air-conditioning regulation again set m the minimum 
ventilation and desired temperature holding state. 

It will be apparent to those skilled in the art that various modifications and variations 
can be made in the air-conditioning apparatus of the P-ent invention ^^ou deviaUng 
from the spirit or scope of the invention. Thus, it is intended that the present ^vention 
cov^r the modifications and variations of this inventions provided they come within the 
scope of the appended claims and their eqmvalents. 
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ABSTRACT , f 

The inveation relates to an air-coaditioning appar^ which regulates at least the 

ttae room 'r^, ,V for the reeulator of the exhaust air motor (16) 

invention, the desired value (P^B SOLLV regulator ui rp * 

forms a room excess pressure estabUshed vU respect to the outside pressure (Pa). 
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